Background and Scope
The following three building types were chosen for energy simulation and analysis:
1. Multifamily residential: Mid-rise apartment building 2. Nonresidential: Medium office building 3. Semi-heated: Industrial office/warehouse building Department of Energy (DOE) Commercial Reference Building Models a for the above building types were adapted for the analysis. The analysis study was conducted by using the EnergyPlus simulation tool, and the original models were modified to meet the envelope, lighting and mechanical requirements of the 2006 IECC, and the 2009 IECC, correspondingly. Typical meteorological year 2 (TMY2) weather data for Kansas City was chosen to run the simulation.
This report focuses on the comparisons of code requirements and energy analysis results for the above building types in Climate Zone 4. In addition to energy savings estimates, the analysis also includes annual energy cost and CO 2 emissions estimates. This study does not address cost effectiveness or payback for the additional cost of complying with the 2009 IECC.
a http://www1.eere.energy.gov/buildings/commercial_initiative/reference_buildings.html The commercial code requirements in the 2006 IECC and the 2009 IECC for envelope,  mechanical and lighting systems are listed in Tables 1 and 2 • Metal building insulation requirements have been revised to be more stringent and require mandatory continuous insulation sheathing on metal building walls.
Comparison of Code Requirements
• Plastic skylights requirements are removed and all skylights are required to meet more stringent U-factor and solar heat gain coefficient (SHGC) requirements.
• All recessed lighting is required to be IC-rated and sealed.
• HVAC equipment efficiency requirements for unitary air conditioners, chilled water systems and boilers have been revised to be more stringent. The minimum efficiency requirements for unitary air-conditioners is seasonal energy efficiency rating (SEER) 13.0 for the 2009 IECC compared to SEER 10.0 in the 2006 IECC. (These are based on NAECA requirements and are applicable irrespective of the version of IECC adopted.) • Piping insulation requirements have been revised and 1 ½ inch insulation is required for all pipes with nominal pipe diameter less than or equal to 1 ½ inch.
• A new fan power requirements section has been added and fan power limitations are included.
• Economizer requirements have been revised to require economizers when cooling capacity exceeds 54 kBtu/h in all climate zones except 1, 2A, 7 and 8.
• Heat rejection equipment requirements have been revised based on climate zone, and a new exception is provided if a heat pump is used to reject heat throughout the year.
• A new requirement has been added for supply-air temperature reset controls to reset the supply air temperature based on building loads or outdoor air temperature.
• Lighting exemption for dwelling units is provided if high-efficacy lamps are used in at least 50% of all the permanent fixtures.
• A new section has been added requiring manual daylight zone controls in zones adjacent to vertical fenestration and zones with skylights.
• The interior lighting power requirements exemption list has been revised and expanded to specify more detailed functions such as photographic process, lighting in refrigerator/ freezer cases, and furniture-mounted task lighting that is controlled by automatic shut off.
• Interior lighting power allowance adjustments have been revised for retail display based on the type of products on display.
• Lighting-zone-based power allowance requirements are specified for exterior lighting. 
Energy Analysis
The impact of code requirements is quantified by analyzing building models representing the envelope, lighting and mechanical requirements identified in the comparison Tables 1 and 2 . DOE Reference Building models for four representative building types were used for the analysis. A brief description of each of the building type is below:
1. Residential -Multifamily/Midrise apartment building (33,700 sf): This is a fourstory building with 15% window-wall ratio. This building is assumed to have steel frame walls, metal deck rook with insulation above deck and a slab-on-grade floor. Each apartment unit is assumed to have a packaged air-conditioning unit with a gas furnace and a 20-gallon electric service water heating system. More details of the thermal model with the baseline properties are listed in Appendix-A, Table A-1. 2. Nonresidential -Medium office building (53,600 sf): This is a three-story building with 33% window-wall ratio. This building is assumed to have steel frame walls, metal deck rook with insulation above deck and a slab-on-grade floor. The HVAC system is a multi-zone VAV system with electric reheat, and packaged air-conditioner with gas furnace. Service water heating is assumed to be 260-gallon gas water heating. Further details on the energy model are provided in Appendix-A, Table A-2. 3. Semiheated -Large warehouse building (52,045 sf): This is a non-refrigerated warehouse building with an office area, fine storage and bulk storage areas. This building is assumed to have metal building walls, metal deck rook with insulation above deck and a slab-on-grade floor. The office area is conditioned by a packaged airconditioning unit with a gas furnace, and the storage areas are heated with a natural gas unit heater. Service water heating is assumed to be a 20-gallon electric storage water heater.
Hourly energy simulation of the building model was performed for each of codes: the 2006 IECC and the 2009 IECC. EnergyPlus simulation software was used for the analysis. A typical design day simulation was done to determine the HVAC equipment size and then the annual simulation was run to determine the building energy use. The total building site energy is extracted from the simulation results for code comparisons.
To assess the economic impacts of the code requirements, current utility tariffs for Kansas City b are used to calculate the total annual energy cost. Table 3 shows the fuel prices, demand charges and rate structure used, assuming a basic rate plan. In addition to calculating the annual energy consumption and cost savings, the analysis also includes estimates for carbon emissions based on state-average CO 2 emission factors available in the EnergyPlus data set. For the state of Missouri, CO 2 emission factors assumed are: 50.23 g/MJ for natural gas and 192.02 g/MJ for electricity.
The energy simulation results are summarized in Table 4 for all the building types analyzed in this study. This summary includes total annual electricity consumption, natural gas consumption, annual energy cost and CO 2 emissions. It can be observed that the overall savings is significantly higher for residential construction than nonresidential or semi-heated buildings. This can be attributed to the increased insulation requirements for above-grade envelope components for residential buildings in the 2009 IECC. 
Conclusions
The current buildings in Kansas City, MO are complying with the 2006 IECC commercial building requirements. Table 6 shows the percentage savings of energy, cost and environmental impacts reductions if these are built to comply with the 2009 IECC. Based on the analysis, it can be observed that:
• Multifamily residential buildings built to the 2009 IECC would save 9% energy and save 7.7% energy cost compared to the 2006 IECC; and reduce CO 2 emissions by 7.54%.
• Nonresidential buildings built to the 2009 IECC save 6.1% energy, reduce 6.4% in energy cost, and 7.02% in CO 2 emissions.
• The IECC does not have a separate set of envelope requirements for semiheated spaces and hence the nonresidential requirements are used in the analysis. Semiheated warehouse buildings have significantly different building occupancy and operational characteristics compared to other nonresidential buildings, and the analysis shows energy savings of 3.9% and cost savings of 2.5%, with CO 2 emission reduction of 2.52%. 
Appendix A Detailed Comparison of Code Requirements Appendix A -Detailed Comparison of Code Requirements

HVAC piping insulation
Requires piping used to convey "conditioned" fluids to be insulated. Includes some exceptions.
Adds an exception for factory-installed piping within room fan-coils and unit ventilators. Increase piping insulation thickness by ½ inch for piping ≤ 1.5 inch.
Simple system economizers
Requires economizers for all cooling systems for systems ≥ 54,000 Btu/h. No exceptions for economizers in Climate Zones 5b and 6b.
Requires systems greater than 54,000 Btu/h in hot humid climates (Zone A) to meet the economizer requirements for Climate Zone 3 and above. Eliminates the category for systems ≥ 135,000 Btu/h and sets the threshold for requiring an economizer to 54,000 Btu/h for all systems.
Fan power limitations None
Requires HVAC fan systems greater than 5 hp to meet maximum fan power horsepower requirements. Hydronic (water loop) heat pump systems.
Provides requirements for the use of heat injection and heat rejection into the heat pump loop. Places requirements for bypassing the cooling tower when it is not needed.
Reorganizes the code provision to make it more understandable. Splits the requirements for bypassing the cooling tower when no heat rejection is needed based on climate zone. Supply air temperature reset controls
None
Requires controls to be placed on systems serving multiple zones to be able to reset the supply air temperature by 25% based on the supply air temperature and the room temperature.
Efficient lighting in dwelling units
None
Requires at least 50% of the permanently connected lighting in dwelling units to be fitted with high efficacy lamps.
Daylight zone control None
Requires that connected lighting that is installed in daylight zones be separately switched from other lighting in the space. Daylight zones are defined for spaces with vertical fenestration and also for skylights.
Exterior lighting controls
Specifies the type of controls that can be used to control exterior lighting not intended for 24 hour operation. This includes:
• Lighting not designated for dusk-to-dawn operation -astronomical time switch
• Lighting designated for dawn-to-dusk • Operation -astronomical time switch or photosensor.
Allows for the use of a photocell in tandem with a time clock or an astronomical time clock for exterior lighting systems that are not designed to stay on from dusk to dawn. Eliminates the lighting control exemption for lights that need to remain on for reasons that pertain to safety, security or eye adaptation. Provides five exemptions for lighting used for specialized lighting and associated with life/safety including:
• Specialized lighting for medical and dental • Professional sports arena playing field lighting.
• Display lighting for exhibits in galleries, museums and monuments.
• Sleeping unit lighting in hotels, motels, boarding houses or similar buildings.
• Emergency lighting automatically off during normal building operation.
Adds exempted lighting that does not need to be considered when calculating the Total Connected Interior Lighting Power including:
• Lighting in spaces specifically designated for use by occupants with special lighting needs including the visually impaired and other medical and age related issues.
• Lighting in interior spaces that has been specifically designated as a registered interior historic landmark.
• Casino gaming areas.
• Task lighting for plant growth or maintenance.
• Advertising signage or directional signage.
• In restaurant buildings and areas, lighting for food warming or integral to food preparation equipment.
• Lighting equipment that is for sale.
• Lighting demonstration equipment in lighting education facilities.
• Lighting approved because of safety or emergency considerations, inclusive of exit lights.
• Lighting integral to both open and glass-enclosed refrigerator and freezer cases.
• Lighting in retail display windows, provided the display area is enclosed by ceiling height partitions.
Furniture mounted supplemental task lighting that is controlled by automatic shutoff.
Line-voltage lighting track and plug-in busway
Requires the code user to use either the actual wattage of the fixtures connected to the track lighting or 30 watts/linear feet, whichever is greater, to document the wattage of track lighting.
Adds two additional options for documenting the wattage or line-voltage lighting, track and plug-in busway lighting that include:
• The wattage limit of the system's circuit breaker, or • The wattage limit of other permanent current limiting device(s) on the A.3
A.4 
Misc.
Exterior Lighting Peak Power 4800 watts
